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Student Lab Template 
Acid Deposition Lab 
 
Lonnie Miller, El Diamante High School, Visalia Unified School District, Visalia, CA, in conjunction with 
the Environmental Literacy Council Summer Lab Development Team 2004 
 
Abstract:  
 
What happens to the oxides of sulfur and nitrogen produced during combustion? Where do they go and how 
do they affect the environment? Airborne compounds like sulfur dioxide and nitrogen oxides alter the 
chemical balance of soils and waterways, turning them from chemically neutral to acidic. In this laboratory 
exercise, you will monitor local precipitation for pH and test various fossil fuels and determine their impact 
on acid deposition. 
 
Objectives:  
 
At the end of this lab, you will be able to describe and discuss the impacts of various fossil fuels on acid 
deposition and you will understand how gaseous pollutants acidify rain. 
At the end of this lab, you will have an understanding of the pH of your local area’s precipitation and how it 
compares to other areas.   
 
Introduction:   
 
Is our rainwater anything but pure water? What else could be in rain or other precipitation? What effect does 
human activity have upon our precipitation? Burning fossil fuels produces gases. Totally complete 
combustion of fossil fuels under optimum conditions would result in H2O and CO2.  However since air is 
used to burn the fuel (inside internal combustion engines) and since air is 70% Nitrogen (N), nitrous oxides 
(NOX) are produced.  Since sulfur is present in most fossil fuels, especially coal, diesel fuel (500 ppm for on-
road vehicles and higher for off-road engines), and gasoline (up to 330 ppm), oxides of sulfur (SOX) may be 
produced.  NOX and SOX  react with moisture in the air and result in acid deposition.  'Acid deposition 
consists of delivery of acidic substances or precursors, principally sulfur and nitrogen oxides, acids, and 
salts, from the atmosphere to the earth's surface. These compounds (mainly the oxides) are introduced into 
the atmosphere in industrialized areas at rates that greatly exceed natural emission rates. Natural emissions of 
sulfur oxides are from volcanoes, forest fires, and lightning. Acid deposition thus consists principally of 
deposition of these emitted materials and the products of their atmospheric transformation processes. 
Deposition processes include delivery of material in precipitation ("wet deposition" or familiarly "acid rain"), 
in the absence of precipitation (eddy transport followed by adsorption, absorption, adhesion, or other 
processes and commonly denoted as "dry deposition") and by impaction of cloud or fog droplets." [From 
Stephen E. Schwartz, "Acid Deposition: Unraveling a Regional Phenomenon," Science, 10 Feb 1989, 
43:753.1 
 
Acid deposition is not a recent phenomenon. In the 17th century, scientists noted the ill effects that industry 
and acidic pollution was having on vegetation and people. However, the term acid rain was not coined until 
two centuries later when Angus Smith published a book called 'Acid Rain' in 1872. In the 1960s, the 
problems associated with acid deposition became an international problem when fishermen noticed declines 
in fish numbers and diversity in many lakes throughout North America and Europe. In the United States, the 
Clean Air Act has tightened the rules on acid rain-related emissions now roughly 62 percent of their peak 
levels in the 1970s. Congress is considering further tightening of acid rain related regulations.  Current 
concerns are that some areas in the US still have acidity levels high enough to harm plant and animal life and 
the rate that forest nutrients are dissolving, posing a threat to future forest productivity. 
  
 
Background research information links:  
 
Environmental Protection Agency www.epa.gov 
National Atmospheric Deposition Program http://nadp.sws.uiuc.edu/ 
United States Geological Survey http://bqs.usgs.gov/acidrain/ 
 
Materials:  
  
Sampling Materials: 
Beakers or other collection vessels for samples 
Funnels 
ph measuring device (pH kit, probe ware, or pH paper) 
Mounting brackets if needed 
You are welcome to create or use other types of equipment! 
 
Acid testing materials: 
pH indicator (pH probe, Bogen universal indicator, bromthymol blue (Bromothymol blue has a useful range 
from 6.0 (yellow) to 7.6 (blue) or other pH indicator) 
Glass Beakers 
Combustion Chamber (lid or small ceramic crucible inside of beaker or other design) 
Glass Test tubes 
Ring stand and test tube clamps 
Cotton Puffs 
Various fossil fuels (coal, diesel, turpentine) 
Matches 
You are welcome to create or use other types of equipment! 
 
Procedure:  
 
Part One 
Your assignment is to design a device for collecting precipitation (rainfall, snowfall, or fog) and monitor it 
for pH over a period of time.   
 
Part Two 
Your assignment is to design an apparatus and carry out tests of fossil fuels to determine their impact on acid 
deposition.  You will be placing a small amount of a fossil fuel on a cotton puff and burning it to measure if 
acidic compounds are given off. 
 
 
Above is a simple setup to be used as an example.  More elaborate setups could include a water bath to 
sample pH from or coating the collection device with a pH indicator. 
 
 
  
Lab tips:  
 
Sampling:  
The precision in measuring acid rain is determined by how it is sampled. Correct data cannot be taken when 
the sampling method is not correct. 
The acidity of the rain changes once the rainwater touches the roof or the ground.  
Your location for sampling should not be affected by the splash or drop from trees, electric lines, and the 
walls of buildings or eaves of roofs. 
Metal or chinaware containers also influence the pH of the rainwater. Use glass or plastic containers. Wash 
the containers first, and collect the rainwater directly from the air. 
Sample the whole precipitation event from the beginning to the end. The most important point of measuring 
acid rain is to measure the acidity of rain, as it is, not the peak acidity of an event. 
 
Testing: 
Do not use plastic test tubes or beakers.  They will melt in the experiment. 
Perform the experiment under a fume hood or in a well-ventilated area. 
Use extreme caution with burning of all fossil fuels.   
The ignition of coal may have to be started with a Bunsen burner. 
 
Data/Observations:  
 
Part One  
Draw a map showing the location of your precipitation collector and develop a graph or chart based on the 
results you have collected.  
 
Part Two  
Provide a diagram of your collection device and describe how it should function.  Create a table to show the 
results of your data. 
 
Analysis:  
 
Part One 
Based on the data collected from your collector, what is your conclusion of the pH of your areas 
precipitation?  How well does the data you collected compare to other data collected locally? How does your 
data compare to that from other areas?  If you collected weather data how does is it correlate to wind 
direction, temperature, and storm data? 
 
Part Two 
How well did your combustion chamber function?  Compare your results to other class groups.  What fossil 
fuels contribute the most to acid deposition?  
 
Your report on this laboratory exercise should follow the format your instructor requires. 
 
Additional Resources:  
 
Enviroliteracy Council  Acid Rain Resource  http://www.enviroliteracy.org/article.php?id=362 
Hubbard Brook Watershed Information http://www.hubbardbrook.org/education/Introduction/Intro13.htm 
Acid Deposition and Aquatic Biota in the Sierra Nevada http://arbis.arb.ca.gov/research/resnotes/notes/96-
12.htm#top 
USGS National Water Conditions http://water.usgs.gov/nwc/NWC/pH/html/ph.html 
  
EPA Acid Rain Page http://www.epa.gov/airmarkets/acidrain/ 
USGS Acid Rain and Buildings http://pubs.usgs.gov/gip/acidrain/contents.html 
Stephen E. Schwartz, "Acid Deposition: Unraveling a Regional Phenomenon," Science, 10 Feb 1989, 
43:753.1 
  
Teacher Lab Template 
 
Acid Deposition Lab 
 
Lonnie Miller, El Diamante High School, Visalia Unified, Visalia, CA, in conjunction with the 
Environmental Literacy Council Summer Lab Development Team 2004. 
 
Correlation to topic outline in Acorn book 
 
I. Interdependence of Earths Systems: Fundamental Principles and Concepts 
D. The Atmosphere 
IV. Environmental Quality  
          A. Air/Water/Soil  
V. Global Changes and their Consequences 
VI. Environment and Society 
 
Correlation to National Standards   
 
Principles: 
• Science is for all students 
• Learning science is an active process 
 
Teaching Standard A: Teachers of science plan an inquiry-based science program for their students.  In doing 
this, teachers 
• select science content and adapt and design learning curricula to meet the interests, knowledge, 
understanding, abilities, and experiences of all students. 
 
Teaching Standard B: Teachers of science guide and facilitate learning. In doing this, teachers 
• focus and support inquiries while interacting with the students. 
• orchestrate discourse among students about scientific ideas. 
• challenge students to accept and share responsibility for their own learning. 
• encourage and model skills of scientific inquiry, as well as the curiosity, openness to new ideas and 
data, and skepticism that characterize science. 
 
Teaching Standard C: Teachers of science engage in ongoing assessment of their teaching and of student 
learning. In doing this, teachers 
• guide students in self-assessment. 
 
Teaching Standard D: Teachers of science design and manage learning environments that provide students 
with the time, space, and resources needed for learning science.  In doing this, teachers 
• structure the time available so that students are able to engage in extended investigations 
• create a setting for student work that is flexible and supportive of scientific inquiry. 
• ensure a safe working environment 
 
Teaching Standard E: Teachers of science develop communities of science learners that reflect the 
intellectual rigor of scientific inquiry and the attitudes and social values conducive to science learning. In 
doing this, teachers 
• display and demand respect for the diverse ideas, skills, and experiences of all students 
  
• enable students to have a significant voice in decisions about the content and context of their work 
and require students to take responsibility for the learning of all members of the community. 
• nurture collaboration among students 
• model and emphasize the skills, attitudes, and values of scientific inquiry. 
 
Assessment Standard A: Assessment must be consistent with the decisions they are designed to perform 
• assessments are deliberately designed. 
• assessments have explicitly stated purposes. 
 
Assessment Standard C: The technical quality of the data collected is well matched to the decisions and 
actions taken on the basis of their interpretation. 
• the feature that is claimed to be measured is actually measured 
• assessment tasks are authentic. 
• students have adequate opportunity to demonstrate their achievements. 
 
Unifying Concepts and Processes Standard: As a result of activities in grades K-12, all students should 
develop understanding and abilities aligned with the following concepts and processes: 
• systems, order, and organization 
• evidence, models, and organization 
• constancy, change, and measurement 
 
Science as Inquiry: Content Standard A: As a result of activities in grades 9-12, all students should develop 
• understandings about science and technology. 
 
Science in Personal and Social Perspectives: Content Standard F: As a result of activities in grades 9-12, all 
students should develop understanding of: 
• natural resources 
• environmental quality 
• science and technology in local, national, and global challenges. 
 
Life Science: Standard 6: Understands relationships among organisms and their physical environment. 
knows ways in which humans can alter the equilibrium of ecosystems, causing potentially irreversible effects 
(e.g., human population growth, technology, and consumption; human destruction of habitats through direct 
harvesting, pollution, and atmospheric changes)
  
Introduction  
 
Is our rainwater anything but pure water? What else could be in rain or other precipitation? What effect does 
human activity have upon our precipitation? Burning fossil fuels produces gases. Totally complete 
combustion of fossil fuels under optimum conditions would result in H2O and CO2.  However since air is 
used to burn the fuel (inside internal combustion engines) and since air is 70% Nitrogen (N), nitrous oxides 
(NOX) are produced.  Since sulfur is present in most fossil fuels, especially coal, diesel fuel (500 ppm for on-
road vehicles and higher for off-road engines), and gasoline (up to 330 ppm), oxides of sulfur (SOX) may be 
produced.  NOX and SOX  react with moisture in the air and result in acid deposition.  'Acid deposition 
consists of delivery of acidic substances or precursors, principally sulfur and nitrogen oxides, acids, and 
salts, from the atmosphere to the earth's surface. These compounds (mainly the oxides) are introduced into 
the atmosphere in industrialized areas at rates that greatly exceed natural emission rates. Natural emissions of 
sulfur oxides are from volcanoes, forest fires, and lightning. Acid deposition thus consists principally of 
deposition of these emitted materials and the products of their atmospheric transformation processes. 
Deposition processes include delivery of material in precipitation ("wet deposition" or familiarly "acid rain"), 
in the absence of precipitation (eddy transport followed by adsorption, absorption, adhesion, or other 
processes and commonly denoted as "dry deposition") and by impaction of cloud or fog droplets." [From 
Stephen E. Schwartz, "Acid Deposition: Unraveling a Regional Phenomenon," Science, 10 Feb 1989, 
43:753.1 
 
Acid deposition is not a recent phenomenon. In the 17th century, scientists noted the ill effects that industry 
and acidic pollution was having on vegetation and people. However, the term acid rain was not coined until 
two centuries later when Angus Smith published a book called 'Acid Rain' in 1872. In the 1960s, the 
problems associated with acid deposition became an international problem when fishermen noticed declines 
in fish numbers and diversity in many lakes throughout North America and Europe. In the United States, the 
Clean Air Act has tightened the rules on acid rain-related emissions now roughly 62 percent of their peak 
levels in the 1970s. Congress is considering further tightening of acid rain related regulations.  Current 
concerns are that some areas in the US still have acidity levels high enough to harm plant and animal life and 
the rate that forest nutrients are dissolving, posing a threat to future forest productivity. 
 
Group size – 4 to 5 students 
 
Lab length – Sampling length could be for the entire class year or based on the precipitation season for your 
area.  The testing component of this activity can be done in a couple of hours. 
 
Preparation and prep time – 1 hour. Assemble glassware and purchase items to be tested. 
 
Materials/equipment 
Precipitation collectors 
Beakers 
Test tubes 
Funnels 
Ph measuring device (pH kit, probe ware, or pH paper) 
Mounting brackets 
 
Combustion Chamber 
pH indicator (pH probe, Bogen universal indicator, bromthymol blue, or other pH indicator) 
Glass Beakers 
Combustion Chamber (porcelain cup, lid inside of beaker or other design) 
Glass Test tubes 
  
Ring stand and test tube clamps 
Cotton Puffs 
Various fossil fuels (coal, diesel, turpentine, gasoline?) 
Matches 
Glass or Plastic tubing or other materials for collecting gases from the combustion chambers 
 
Suppliers 
Fisher 
Carolina Biological 
Vernier 
Texas Instruments 
 
Safety/Disposal – Normal Disposal 
 
Teaching Tips   
 
General Tips 
Allow students to design their own combustion chambers and encourage them to be as creative as possible 
but check their design and construction of combustion chambers carefully before they are used to ensure 
student safety. 
Place the combustion chamber on a fireproof surface before they burn. 
pH is most accurately measured with probes. Students need to be comfortable with their use prior to taking 
measurements. 
Use extreme caution with burning of volatile fossil fuels. 
 
Potential Problems 
A burning match releases sulfur to form sulfur dioxide gas.  This will affect the products of combustion and 
resulting pH measurement. 
Precipitation collectors by nature have to be exposed to the elements. Have the students check them 
periodically to make sure they are in working order. 
Inaccurate measurements 
 
Possible Variations 
 
Part One  
Students collect samples from various sources, (e.g., rain, snow, streams, lakes, bogs, marshes, ponds) over a 
period of time and measure pH, develop graphs or charts.  
They could also include correlated wind direction, temperature, and storm data.  Data can be collected from a 
local weather station if available or from the Internet for your local area. 
Compare class groups or share data with students doing similar experiments in other areas or official 
reported data. 
 
Part Two 
Combustion chambers could be analyzed for particulate matter, sulfur content, and other pollutants. 
 
Sample data  
 
Precipitation pH will vary by region.  For example, the average pH of rainfall over much of the northeastern 
United States is 4.3, or roughly ten times more acidic than normal rainfall of 5.0-5.6.  Combustion data not 
available at this time. 
  
 
Data graphing and analysis  
 
Following group reports have students discuss their results and their understanding of how fossil fuels 
combustion contributes to acid deposition.  Have students select the best design or working combustion 
chamber and pH-testing device. 
 
Discussion Questions: 
 
Part One 
1. What substances in the air caused the pH of the precipitation to become acidic? Combustion of 
fossil fuels creates sulfur and nitric oxides which combine with water to form sulfuric and nitric 
acids. 
2. Why are some areas not as affected as others by acid deposition? Absence of pollutants in the air, 
soil types buffer acidic precipitation, etc.  
 
Part Two 
1. Which of the materials created the lowest pH? On what do you base your answer?  
2. Which of the materials gave off the most air pollution?  On what do you base your answer? 
3. What pollutants do you think you have added to the air so far today based on your personal 
lifestyle? Can you think of alternative ways of carrying out the day’s activities so you pollute the air 
less? Sulfur and nitrogen oxides from fossil fuel combustion, particulates, etc.  Alternative 
transportation, hybrid automobiles, or walking and  cycling are simple ways to reduce pollution. 
4. Were you surprised by the amount of pollution and the effects it had on the pH? Explain Why? 
Varied answers 
5. What incentives could be implemented to limit the amount of pollution and reduce the effects of 
acid deposition? Tax credits, Laws 
6. Does acid deposition affect your health? Why or why not? Locations in the Northeast have had 
connection to health concerns regarding asthma due to translocation by wind of acid deposition. 
 
 
Possible Assessments  
 
The report on this laboratory exercise should follow the laboratory format you use. Items to include in the 
rubric for grading this lab could include:  
 a. map showing location of your collector. 
 b. results of pH of precipitation  
 c. analysis of acid deposition in area 
 d. design of burner and explanation of how if functions 
 e. results of fossil fuels combustion and comparison of contributions to acid deposition 
 f. problems (equipment, weather, etc.) 
 g. references 
 
Extensions   
 
1. Students could conduct a bioassay on an organism to determine if pH has an effect on it during its 
life. 
2. Do rock type and resulting soil formation have an effect on acid deposition? 
3. Analyze data available on the Internet or published sources for trends.   
 
  
References/Resources (texts & web links)  
 
Environmental Protection Agency www.epa.gov 
National Atmospheric Deposition Program http://nadp.sws.uiuc.edu/ 
United States Geological Survey http://bqs.usgs.gov/acidrain/ 
Enviroliteracy Council  Acid Rain Resource  http://www.enviroliteracy.org/article.php?id=362 
Hubbard Brook Watershed Information http://www.hubbardbrook.org/education/Introduction/Intro13.htm 
Acid Deposition and Aquatic Biota in the Sierra Nevada http://arbis.arb.ca.gov/research/resnotes/notes/96-
12.htm#top 
USGS National Water Conditions http://water.usgs.gov/nwc/NWC/pH/html/ph.html 
EPA Acid Rain Page http://www.epa.gov/airmarkets/acidrain/ 
USGS Acid Rain and Buildings http://pubs.usgs.gov/gip/acidrain/contents.html 
Stephen E. Schwartz, "Acid Deposition: Unraveling a Regional Phenomenon," Science, 10 Feb 1989, 
43:753.1 
 
 
